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Aostract : Operaticn principles of aircraft brekine systems and enalysis 
of forces acting cn a wheel during braking : classification 


ef contempcrary enti-skid systems. 


Lancing Wheel Breking 
Gircreft braking system enables the breke steering cf incivicual 


andine geer wheels by e chance of fricticral force mcmentum in breke 


frictional elements. cf the landing gear is such that it 


- simultaneous breking ef the main Jancing weer 


- differenti breaking ef Beth main lanoing cear wheels 
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- braking cf mein lanoing gear uhsels 
Some cof the aircraft have an ability of e]] wheels oraking, ie. 
incluging the front wheel. MocGern braking systers heve enother ccracn 


raracteristic, which is the ability cf automatic treke unbleckine in cas: 


3 


of sxid between the tire tre=d and runway surfaces.. The size of breking 
momentum, Geoencing on a quality cf antiskic system, ic adjusted suto- 
matically in such a manner as to utilize tr the gre=test ceaqree the 


ach=esion between the whee? anc runuay surface fer eech pase of wotiean. 


he Ytencing wheel brakime systems utilize most often the hydraulic 


@ssure a proxinately -roporti.nel cepencence between the igqput si mal X, 
whieh Mey be fur example, the forte Exertec by pilet on the brake pedals, and 
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@ -ressure P ceneretec ir 


examole in Fia. 1., 
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force nomen 
Ce norentum (% 
Tce TOMeENtuUr 
jre tread 


exoressicn: 
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alike 
(1) M >? M, : in tnis cese tne wheel turns with certain enguler 
= 
cectleration anc with certein skic. 
) ce = M, : this case may be cescribec as a state of unsteble 
equilibrium; the wheel turns with certain skid, but @ mal) 
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decrease in adhesion force momentum or sma’l increase in brake 
frictionea!’ force of anv origin, causes sudcen change in the ty, 
of wheel motion. 


the wheel is completely blocked and skids 
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on the surface uithout turning. 


From the cOnsideeed fcrces anc other causes acting on a wheel Guring 


cbtain the shortest braking cisteance the 
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Following relation is true curing the entire aircraft 1:ncing time: 


M, max == M, max = JIlmax + P (r — Ou) 


Tre Draking systems in mecern e@ircreaft are cesioned in such 6 menner as 
te approach the braking process as close es possible te the cptimel (thet is, 
te the above given relation). Ourine lancing, the uheels re 

te 
surface of varying concitions (e.a. from cory concrete,,wet concrete, ice 


or snau) Achesiton coefficient varies racicly, ano so chances the achesion 


romentum. The aircraft braking system should rapiscly adjust the friction 


momen tur M, to tre chanasing auhesion mementum. -t Jarge system celéys, tne 
aircraft wheels ridling from a Gry concrete to an icy concrete uil’ skis, 


which uil!? censicerably lengthen the Janoing cistance. 


The @unhesion momentut M cCepencs élsco Gn a loacing ferce * acting on 


uhtels. suring lancinu,the aircraft weight is distributed on the main wheels 
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anu the front wheel ( in @ case of three whee) Yancing gear). Igncring the 


initia? influence of the eerocynemic forces on whee? reaction, the 


pressure on the main wheel and the front wheel chances cesending on aircraft 


- D- 

deceleration. Increese of ths aircraft ceceleretion causes increase of 
front wheel loading anc decrease in loacing of main wheels (fia. 4.) The 
aircraft breaking system should teke this fact into acccunt by adjusting 
the friction womentum to changing echesion momentum, depending on e chenge 
in sircreaft deceleration. 

The eutomatic oraking systems, uhile getting clese to takino inte 
acecunt al? the faetors influencing the change of achesion rementum and 
possibility of accurate satisfaction cf the conmodition given oy the abcve 
formula, bettnes more extensive, ccmijJex ena cestly. 

Classification of aircraft anti-skid systems 

The systems besec on the enculer whee) deceleration ( negetive 

acceleration) € 
‘ 

Genere! ciegram cf such @ system is Given in Fig. 5. 

The enti-skid systems beseo en uheel anoular deceleration measurement 
coerate on @ princic’e of cyclic pressure reduction in breking syster. 
Cyclic operation results from a croper choice of entiskid braking system 
characteristic ft, quency. The operetion effectiveness Oepencs an fre cuency 
and on pressure =amplituce. 

Higher frequency anc smaller amplitude cause higher value of the 
aohesion coefficient. tresent)y usec systems operete et frecuencies of 
> to le Hz2 anu amplituce equal te 20-40% cof the mexinum brexing momentum. 
Systems wasec on @ whee! angular cecelerction meesurement mey be Clessified 
és foll.us: 

- Systems conteining tne inertiel-electrice’ senser cf whee! ceceleration. 

The el=ctrical sional from the sensor steers the electrohydraulic 
cietributor ie the brakinoe svstem, which either cuts eff a! uelivers 
631 te the wheel brakes. The Soviet irer=ft TUe104, Tkh-lo, AN=-10, 
yrorost others, are equipped with this type of system. 

- SyStems with inertia’ systems of oirect ection. The automatic 
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system contains the inertial sensor, which in direct mechanical manner 
steers the valve cutting off the flow of braking fluid. This type of 
braking system is common in Western aircraft. The most known design 
is the MAXARET system by Dunlop. Another firm, MESSIER/HISPANO offers 
Similar systems under the name Ministop. Systems of this type are 
found, amongst others, in the equipment of the VC~-10 and BAC111 
aircraft. 


- The system containing the velocity sensor in the form of a d.o. 
generator with the differentiating circuit. The electrical output 
Signal, which is a function of wheel deceleration, steers the 
hydroelectric distributor which increases or decreases the brake 
System pressure. The firm MESSIER/HISPANO manufactures this type 
of system under the name of Minimodulator used among others on the 


French aircraft Mirage III and Mirage IV. 


The first two systems have some disadvantages, in which one may 
include: 


- Small operating effectiveness: eg. average adhesion coefficient 
on a dry concrete is 0.25 as compared with maximum value of 0.7 to 
0.8 for low velocities and 0.35 to 0.40 for high velocities; 


- "stiffness of the operation due to the sensor setting for 
constant deceleration for various conditions of tire tread and 


surface interaction; 


- heavy load on the undercarriage resulting from the fluctuating 
nature of the operation; 


- short service life (about 1000 landings) as a result of this 
fluctuating nature of the operation. 


The third system has certain advantages as compared with the 
previous ones, due to the use of relatively simple velocity sensors - 
namely the tachometric generators instead of acceleration sensors. 
Moreover, this arrangement enables the introduction of correction 
Signals to the system. In order to increase the safety during 
aircraft braking, especially in the first moments after touchdown, 
when the wheels do not have sufficient adhesion to the ground, 


the two-signal systems are used. whe £FLPst signed 


o j)e- 
is ottainec fren the ceteleration sensor, anc the system works a escriogen 
auove. The secunc signal, fron the wheel enguler velccity senscr, cperates 


when the Geteleration senstr signal cisappears. 


An exemide cof such @ system is civen in Fig.é. Its ape 
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follows: efter turning om the switch 3, the contact & 1s closed, and con= 


tacts &, G ena W open: Gistributar 9 is in such a position thet the aixz 


from reduetor ] may flow ta the brake. When the lending cear is lowered 
the contact G clases. fefore touchcown the pressing ef the recuctor ] 
lever causes air inflow intu the system ane closing ef comtact ¢. The 
electric circuit closes now through contact BR ane the cictributer 9 cuts 


off air flow te the breke. Sfter touchocun, when the main wheel achieves 


contact WY clauses and contact G tpens due to the shock ebsorber Joao. At 
the appeerance of uhee] sxic the ceceleration senscr acts anc the contact 
A closes,switching the Gistributor into position cutting off the eir flau 


ike. I£ the aircraft leaves the surface or goes into a long 
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Skiac, after atiout tuo secanus the accelerator sensor signe) cisapnsers; 


entact A coens and the wheel starts to brake up ta certein revolutions, 
s c F 
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contact opens, anc contact 8 closes end the syst works as the single 
sjona’l svsetem, 
The syst be a the measurement eof the angular velocity 


cifference A008 between brakeo ano net Grekeo wheel. 
Block diegrem of such @ system is smounm in Fig. 7. J mN2esurec 


Guantity cof the interaction state between Tunuay surface anc the main 


Tancuing wheel, is the enguler velocity cifference Aw retween not braked 


duction valve lever setting the pressure im the breking system. Next the 
working factor acts on the brakes through th= ©lectromycraulic cistrisutor. 

Tn enother system, the pilot through the electric transmitter, steers 
the electrohydrautic amplifier, which sets the pressure valve ecting on a 
brake. Signals frem the sncular velecity sensors of brakes 
wheel are sent tc the system cemputinz their difference Avs, and then to 
the circuit aodine this signa! to the pilot's signal. 


The adventege of @ system with angular velccity measurement as cum- 


Systems basea on messurement of skic W 


The antiskic system with a skid measurement is en extension of a 
eystem Based on a measurement cf ansular velocity cifference Sw. Yt con- 


tains al? the compenents of that system im accgiticn te the circuit computing 


SUCH & SYSUCEM Shasls reater effectiveness than t Ene with Mesasure= 
ment ef Bite, Sinte the intracuction cf a skio sicne!) allows ths heel 
braxing with @ momentum thet taxes into @cccunt the runudy conuitions. 

Ine broking Giatance of the aircraft equi-ces with @ system measuring skid 


Ww is sherter then the aircraft with measurement cf uneel angular 
velocity oifferenc Aw, 
Self justine svsters 
SiaGck ¢ I Br ot Tf acjueti eyster eahewnt an Fig. SG. 
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Fisge J. Depencence of the oraxing system pressure as a function cf 
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Fig. & Oiagram of the tuo-signal antiskic system: J-reductio>s valve, 
é-pressure Cut-off, 2-on switch, 4-non orakeo wheel, S-rp 
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Pithes ads Diagram of the antiskid system with the meesurement fF angula 
velocity oifference . 

". Pilet's stonal, 2. auxiliary sianal » SeFPOUCTIEN valve, G. elerctro- 

MyvGrauliec cistributor, 5. revaluticne « MSGTs, Gs BVatk Cemnuting the 

velocit, difference, 7. braked wheel, &, mon@breked wheel 
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Figa. lagram of the entiskio system vith the measurement of skic u 
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gna), ¢. auxiliary sicnals, 3. recucticn valve, &. =lectr 
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hydraulic distributor, 5. velocity sensors, 6. lock computing tne 
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velocity difference, 7. black computing the skic, 3. baaked wheel 
9. nen- braked wheel 


Pads, 3% Jiagran of the self BG justing antiskia system 


he PLIGt's signal, 2. Suxililery Signals, 3. electrehyoraulic an Lifiets 
G. velucity sensors, 5. achesion coeffici.nt Sensor, 5. Glock calcu- 
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6. Clock calculeting tne, Je Greked wheel, lu. nonevrexea wheel 
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